To evaluate the effect of hospitalizations on patterns of sedentary and physical activity time in mobilitylimited older adults randomized to structured physical activity or health education. DESIGN: Secondary analysis of investigator-blinded, parallel-group, randomized trial conducted at 8 U.S. centers between February 2010 and December 2013. PARTICIPANTS: Sedentary men and women aged 70 to 89 at baseline who wore a hip-fitted accelerometer 7 consecutive days at baseline and 6, 12, and 24 months after randomization (N=1,341). MEASUREMENTS: Participants were randomized to a physical activity (PA; n = 669) intervention that included aerobic, resistance, and flexibility training or to a health education (HE; n = 672) intervention that consisted of workshops on older adult health and light upper-extremity stretching. Accelerometer patterns were characterized as bouts of sedentary (<100 counts/min; ≥1, ≥10, ≥30, ≥60 minute lengths) and activity (≥100 counts/min; ≥1, ≥2, ≥5, ≥10 minute lengths) time. Each participant was categorized as having 0, 1 to 3, or 4 or more cumulative hospital days before each accelerometer assessment. RESULTS: Hospitalization increased sedentary time similarly in both intervention groups (8 min/d for 1-3 cumulative hospital days and 16 min/d for ≥4 cumulative hospital days).
A lthough hospitalizations are intended to manage acute conditions and planned procedures, they are frequently associated with imposed bedrest and other iatrogenic conditions (e.g., malnutrition, sleep deprivation) that have long-term adverse effects on physical function. 1, 2 Furthermore, individuals hospitalized with preexisting functional limitations are more susceptible to these adverse effects and more likely to develop outright disability. 3 Disability onset ultimately leads to restricted community participation and a reduction in quality of life. 4, 5 Older adults (aged ≥70) are susceptible to reductions in activity levels that persist after hospitalization. For instance, hospitalized older adults report heightened levels of fatigue and apathy associated with lower daily activity. [6] [7] [8] [9] This is important because low physical activity is a major risk factor for disease, 10 mortality, 11 and disability, 12 and sedentary behavior, particularly for prolonged, uninterrupted periods of time (bouts), is associated with poorer cardiometabolic profiles. 13, 14 Little information is available to quantify hospitalization's effect on activity levels and the patterns in which activity is accrued.
Characterizing the degree of change in sedentary and activity time after hospitalization is an important step toward enhancing rehabilitation and physical activity programs surrounding a hospitalization. Although participating in structured physical activity provides mobility and health benefits, 15, 16 the ability to preserve activity levels after hospitalization is unclear.
The Lifestyles Intervention and Independence for Elders (LIFE) study provides a unique opportunity to examine the complex relationships between hospitalizations and the effects of a structured physical activity (PA) intervention. The primary aim was to evaluate the association between hospitalization and daily sedentary and activity time derived using accelerometry. We hypothesized that the occurrence and cumulative duration of hospitalizations would increase sedentary time and decrease active time, particularly in longer bout lengths. The secondary aim was to assess the effect of a PA intervention on posthospital sedentary and activity patterns. We hypothesized that a PA intervention would attenuate increases in sedentary time and decreases in active time post-hospitalization more than a health education (HE) intervention would.
METHODS

Trial Design and Participants
The study design, methods, 17 recruitment, 18 and primary results 15 of the LIFE study are outlined elsewhere. Briefly, the LIFE study was a Phase 3 randomized clinical trial conducted from February 2010 to December 2013. Its primary purpose was to examine the ability of a structured, moderate-intensity physical activity intervention to reduce the risk of major mobility disability in 1,635 mobilitylimited adults aged 70 to 89. Eligible participants (able to walk 400 m within 15 minutes without sitting, leaning, or receiving any assistance) were screened for functional limitation (Short Physical Performance Battery (SPPB) score < 10 (of 12); 12 was the highest performance achievable).
At baseline, 1,341 participants had valid accelerometry and assessment data (Supplementary Figure S1) . The institutional review boards at all participating sites approved the study protocols, and all participants provided written informed consent. This article reports a secondary analysis that uses data during the accelerometer collection periods in the LIFE study (see timeline in Supplementary Figure S2 ).
Interventions
Complete details about the LIFE interventions are provided elsewhere. 19 Participants were randomized to a PA or HE intervention. The PA intervention consisted of an individualized plan to increase physical activity with a goal of achieving 150 min/wk of moderate-intensity physical activity through the promotion of multiple bouts of 10 minutes or longer. The PA intervention included aerobic, resistance, flexibility, and balance training-primarily consisting of an easily administered walking regiment that is largely popular across the older adult population. 20 The PA intervention entailed 2 center-based sessions and 3 to 4 home exercise sessions. Reducing sedentary behaviors, such as watching television, was not a specific goal of the intervention.
Participants were placed on medical leave if they missed 4 or more consecutive sessions because of hospitalization, injury, or other health reasons or if their primary care physician ordered temporary suspension from physical activity. Participants on medical leave were periodically contacted for a status update and provided with support to restart the intervention when appropriate. Any prescribed rehabilitative therapy was completed before restarting the PA intervention.
The HE intervention consisted of workshops focused on older adult health while intentionally avoiding topics related to physical activity, and participants were led through 5 to 10 minutes of light-intensity upper-extremity stretching during each session. HE participants were expected to meet weekly during the first 26 weeks of the intervention and at least once monthly thereafter. They were encouraged to return to the intervention after an absence because of a self-reported hospitalization, injury, or other health reason.
Hospitalization
Assessors masked to intervention assignment ascertained hospitalizations during scheduled clinic visits every 6 months. Every 6 months, information on hospitalizations and length of stay were asked about about using a questionnaire. For each self-reported hospitalization, a review of the participant's medical records was initiated. Self-reported hospitalization was verified through medical records along with extraction of admission and discharge dates. 21 A hospitalization variable created for this analysis combined occurrence and length of stay (LOS; in days). LOS was summed over the hospitalizations for each participant between accelerometer assessments-specifically, baseline to 6 months, 6 to 12 months, and 12 to 24 months. Then, a 3-level categorical variable was created according to the LOS across time intervals. Median LOS was used to create categories of 0, 1 to 3, and 4 or more cumulative days spent in the hospital.
A hip-worn accelerometer (Actigraph GT3X; Actigraph, LLC, Pensacola, FL) was used to collect information on daily activity patterns at baseline; before randomization; and 6, 12, and 24 months after randomization. Data were processed for valid wear time. 22 Only participants with valid accelerometry-defined as 10 h/d or more of data for 3 days or more-were included in the analytical sample (N = 1,341; 196 missing at baseline, 98 with invalid accelerometer data). Three valid wear days was chosen to be sufficiently inclusive while being highly representative of activity patterns over 7 days (correlation coefficient = 0.94). 23 Sedentary time is defined as the sum of minutes registering fewer than 100 counts/min, and total physical activity time is the sum of all minutes registering 100 or more counts/min. 24 A bout is defined as a period when minutes in a sedentary or active state occur consecutively without interruption. For sedentary time, we extracted time spent in bout lengths of 1 minute or more (total sedentary time), 10 minutes or more, 30 minutes or more, and 60 minutes or more. For active time, bout lengths of 1 minute or more (total activity time), 2 minutes or more, 5 minutes or more, and 10 minutes or more were used because significantly less time was spent being active than sedentary.
25,26
Covariates At baseline, information was collected on age, sex, race, ethnicity, education, marital status, income, and smoking status using self-report questionnaires. Body mass index (kg/m 2 ) was calculated from height and weight measured by study staff. Global cognition was measured using the Modified Mini-Mental State Examination (3MSE), which was scored 0 to 100 (higher scores indicating better cognitive performance). 27 Participants who reported seeking any medical attention for depression in the past 5 years were categorized as having depression. Hospitalization history was defined as reporting an in-patient stay within 6 months before baseline. A comorbidity index was created by summing self-reported history of myocardial infarction, congestive heart failure, stroke, hypertension, cancer, diabetes, arthritis, and lung disease. Physical function was measured in 2 ways: usual-pace walking speed during the 400-m walk test and the Short Physical Performance Battery (SPPB), which consists of 3 physical tests (balance, walking speed, chair rises) each scored from 0 to 4. SPPB score was calculated from the sum of the tests and ranges from 0 to 12 (0-9 for the LIFE study), with higher scores indicating better performance. 28 
Statistical Analysis
Baseline differences between individuals who were hospitalized (using first hospitalization) or not over 24 months were tested using t-tests (means) or chi-square tests (frequency) within each intervention group. Accelerometer change values were derived by subtracting each accelerometer metric from its baseline value. To address each aim, a linear mixed-effects (random and fixed) model was constructed with independent variables that included time-varying hospitalizations, intervention group, interaction between hospitalization and intervention, time intervals, and additional covariates. Random effects included hospitalizations and time interval; other independent variables were considered fixed effects.
Aim 1 examined the time-varying hospitalization variable and its association with changes in accelerometer metrics. Aim 2 examined the interaction term to evaluate whether posthospital changes in accelerometer metrics differed according to intervention group. Nonsignificant interaction terms were removed from the final models, and only the main effect of the hospitalization (Aim 1) and intervention (Aim 2) were interpreted. Models included wear time, baseline accelerometer value, age, sex, race, ethnicity, income, education, marital status, 3MSE score, selfreported depression, body mass index, smoked 100 or more cigarettes ever, comorbidity index, previous hospitalizations in the 6 months before baseline, slow gait (<0.8 m/s), 29 and clinical site. The hospitalization variable was included in the model as 3 categories, with no hospitalization serving as the reference group. The hospitalization variable was also treated as continuous in the model to test for a trend across categories.
Hospitalizations occurred episodically, and accelerometer collection occurred at relatively fixed intervals. Therefore, those experiencing a hospitalization closer in time to their scheduled visit may have demonstrated larger changes. Pearson correlations were used to evaluate whether days from the most recent hospitalization discharge date were related to magnitude of accelerometer change.
Missing accelerometer data at follow-up assessments in our analytical sample (523/5,040 observations; 10%) were considered to be missing at random. Two-tailed alternative hypotheses and a type 1 error rate of 0.05 were used for all analyses. Accelerometer data were processed using R (www. r-project.org), 22, 30 and statistical analyses were performed in Stata version 13 (Stata Corp., College Station, TX).
RESULTS
Sample Characteristics
Hospitalized PA participants were similar to those not hospitalized in demographic characteristics, behavioral factors, cognition, depression, medical conditions, physical function, and accelerometer wear metrics but had significantly more self-reported hospitalizations within 6 months before baseline (11% vs 5%, p = .008) ( Table 1) . HE participants who were hospitalized were older and more likely to be female, be non-Hispanic white, report a previous hospitalization within 6 months before baseline, have 2 or more comorbidities, have low physical function, and have low walking speed than those who were not hospitalized (all p <.05).
PA participants were more likely to be hospitalized, had more total hospital events, and had longer hospital stays than the HE group at each time interval (Figure 1 ), but these group differences were not statistically significant (p > .11 for all hospitalization characteristics). Reasons for hospitalizations were largely heterogeneous (Table 2) . When stratified according to intervention group, no proportional differences according to hospitalization reason were detected except for skin or subcutaneous tissue disorders, such as maculopapular rash (PA, 0%; HE, 2%; p = .03).
In the PA group, there were no differences in baseline time spent in sedentary and active behaviors between those who did and did not have at least 1 hospitalization (Supplementary Table S1 ). For HE, sedentary time was generally higher and activity lower in those who were hospitalized (p < .03 for all except ≥1 sedentary minute bouts). For the entire sample, accruing 1 to 3 or 4 or more cumulative hospital days was associated with increased total daily sedentary time (+8 minutes for 1-3 days, p = .01; +16 minutes for ≥4 days, p < .001) compared with no cumulative hospital days (trend p-value < 0.001) (Figure 2 ). Spending 4 or more hospital days, but not 1 to 3 days, was associated with increased time in sedentary bouts of 10 or more minutes (+22 minutes, p = .002), 30 or more minutes (+22 minutes, p = .002), and 60 or more minutes (+21 minutes, p = .002). Accruing 1 to 3 hospital days was associated with decreased total daily physical activity in bouts of 1 or more minutes (−6 minutes, p = .02), 2 or more minutes (−5 minutes, p = .02), and 5 or more minutes (−3 minutes, p = .03) compared with those with no hospitalization. Those accruing 4 or more hospital days experienced decreased time in activity bouts of 1 or more minutes (−16 minutes, p < .001), 2 or more minutes (−12 minutes, p < .001), and ≥5 or more minutes (−4 minutes, p = .004) compared with those without a hospitalization (trend across hospital days p < .002). Neither 1 to 3 nor 4 or more hospital days was associated with activity bouts lasting 10 minutes or longer.
Intervention Effect on Posthospital Sedentary and Activity Patterns
For all sedentary and activity outcomes, the hospitalization effect (1-3 and ≥4 cumulative hospital days vs 0) did not differ between intervention groups (interaction p >.26 for all). There were no interactions between hospitalization and time (2-way interaction p >.41) or between hospitalization, intervention, and time (3-way interaction p >.45) for all outcomes. Most recent hospitalization discharge date was not related to changes in sedentary or physical activity bouts; hospitalizations occurring closer to accelerometer data collection periods were not correlated with changes in sedentary and activity outcomes (p > .44 for all correlations).
The intervention main effects demonstrated that the PA group had less sedentary time for bouts of 1 or more minutes (−8 minutes, p = .006) and 10 or more minutes (−10 minutes, p = .01) than the HE group, regardless of hospitalization ( Figure 3 ). In addition, the PA group increased their time spent being active across all bout lengths (3-6 minutes, p < .006 for all). These increases appeared to be lower with longer bout lengths.
DISCUSSION
Accumulated hospitalization time was negatively associated with objectively measured sedentary and physical activity time in mobility-limited older adults. Being hospitalized increased time in short sedentary bouts while decreasing time in short physical activity bouts. These effects were magnified after accumulating 4 hospital days. These results support our primary hypothesis. Additionally, a physical activity intervention did not attenuate the hospitalization's effect on changes in sedentary and activity time and when accumulated in bouts. This is contrary to our second hypothesis because the PA group was expected to have recovered more from their hospitalization than the HE group. As expected, the PA group had overall more activity and less sedentary time than the HE group, but those in the PA group remained susceptible to the aftermath of hospitalization.
Hospitalization Effect on Sedentary and Activity Patterns
The literature characterizing sedentary and activity patterns in older adults who have been hospitalized is sparse. Previous studies using activity monitors show that more than 80% of a hospital stay is spent in sedentary time. 31, 32 Older stroke survivors were observed to have more total sedentary time after hospitalization than matched counterparts with no existing medical problems-a behavior that remained 6 months after hospitalization. 33, 34 Our results are similar, demonstrating that spending 4 or more cumulative days but not fewer than 4 days, in the hospital was associated with more sedentary time with longer bouts. We also noted that sedentary time did not diminish, suggesting a lack of recovery to prehospitalization levels. This lack of recovery also suggests that the sequela of hospitalization may contribute to the reprogramming of behavior to a higher sedentary time set-point and thus help explain higher sedentary levels that are often observed in older adults. 35 Hospitalizations were associated with declines in total activity time, which previous work demonstrating that short-duration bed rest, a common occurrence during hospitalization, reduces muscle mass and function 36 that may accelerate with co-occurring illness in the hospital 37 supports. Additionally, more accumulated time in the hospital led to greater activity declines, similar to previous observations. 1, 32, 38 Therefore, it is likely that lower physical activity levels are due to a culmination of factors surrounding a hospitalization. 1, 2, 39 Although hospitalized participants had activity declines as a whole, they paradoxically retained their activity lasting 10 or more minutes. One explanation is that time spent in these longer bout lengths was too low in this sample for hospitalization to influence (< 5% time spent in activity bouts of ≥10 minutes). Another explanation is that longer bout lengths may indicate an activity pattern that is routine and more likely to be retained after hospitalization (e.g., retrieving mail). 33, 40 The overall findings suggest that activity levels decrease after hospitalization but that the effect may vary according to an individual's lifestyle, which reflects how activity is accumulated.
Intervention Effect on Posthospital Sedentary and Activity Patterns
Previously published data from the LIFE study demonstrated a slightly higher rate of hospitalizations in the PA Figure 2 . Effect of hospital duration on daily accelerometer pattern changes (daily minutes) in mobility-limited older adults (beta coefficient (standard error of the mean)). Reference value is no hospitalizations (0 days). All models were adjusted for time (months), intervention status, wear time, baseline accelerometer value, age, sex, race, ethnicity, income, education, marital status, modified Mini-Mental State Examination score (100 is highest cognition score), self-reported depression, body mass index (kg/m 2 ), smoked ≥100 cigarettes ever, comorbidity index, previous hospitalizations in past 6 months, gait speed <0.8 m/s, and clinical site. p < *.05, **.01, ***.001. Figure 3 . Change in daily sedentary and activity minutes across bout lengths in the physical activity group when compared to the health education group over 24 months. All models were adjusted for hospitalization status, time (months), wear time, baseline accelerometer value, age, sex, race, ethnicity, income, education, marital status, modified Mini-Mental State Examination score (100 is highest cognition score), self-reported depression, body mass index (kg/m 2 ), smoked ≥100 cigarettes ever, comorbidity index, previous hospitalizations in past 6 months, gait speed <0.8 m/s, and clinical site. p < *.05, **.01, ***.001 vs health education intervention. [Color figure can be viewed at wileyonlinelibrary.com] group, 15, 21 and those who were hospitalized had significantly higher rates of major mobility disability. 41 Adding to these findings, our results show that the PA intervention did not attenuate the association between hospitalization and time spent in sedentary or physical activity behaviors, although overall activity was higher and sedentary time was lower in the PA than the HE group. This suggests that the PA intervention shifted prehospitalization activity to a higher level but did not enhance activity recovery after hospitalization. Therefore, hospitalization appears to have a powerful effect on reducing activity levels, despite the substantial efforts of the PA intervention to re-engage older adults in their physical activity program. These results have implications for developing new strategies to facilitate activity recovery after hospitalization in mobility-limited older adults.
Strengths and Limitations
The strengths of this study include a large sample of mobility-limited older adults from 8 field centers across the United States who were followed for at least 2 years. Information on hospitalizations was collected frequently and verified by a central committee blinded to intervention assignment. Time spent in sedentary and physically active behaviors was measured objectively using a hip-worn accelerometer and repeatedly measured 3 more times over 2 years. Free-living accelerometer patterns were examined according to sedentary versus activity and according to bout lengths to reveal associations with intervening hospitalizations. One limitation is that activity patterns were captured in snapshots over time (6, 12 , and 24 months after randomization), and thus it is likely that the results underestimate the acute effects of a hospitalization. Another limitation was that hospitalization admission diagnosis was not evaluated in this analysis because there was substantial heterogeneity across categories, which limited a robust analytical strategy. Lastly, the accelerometer cut-point used in this analysis was developed in adults of all ages 24 and not explicitly calibrated for older adults, who tend to expend more energy than younger adults for a given activity. 42, 43 
CONCLUSION
These findings suggest that accumulating hospital days increases sedentary time and reduces time spent in activity in mobility-limited older adults. Additionally, a physical activity program begun before hospitalization did not enhance activity recovery after the hospitalization. Although all participants experienced this lack in recovery from hospitalization, the prehospitalization shift toward higher activity levels and lower sedentary time due to a physical activity intervention remained significant. Overall, increasing physical activity levels before hospitalization and development of posthospital strategies to increase activity levels are paramount to help preserve mobility and thwart disability in mobility-limited older adults.
